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TH E PETRO LO GY O F  TH E  E R U PTI V E  R O C KS 
O F  T H E YA RRA M A N D I ST R I CT 
I .  SUMMARY. 
An area of about one hundred and fifty square miles between Benarkin and 
Nanango was investigated. Rocks occurring here range in age from early Palaeozoic 
to Tertiary, but for only one group is the age known with any certainty. A large 
part of the area is occupied by eruptive rocks and it is about the relationship of 
these that most of the discussion centres. 
The relationships of the various rocks is as follows : 
Tertiary 
Triassic 
Late Devonian 
Early Palaeozoic 
f Laterites 
· · " \  Cooyar Basalts 
Porphyry Dykes 
Upper Esk Series 
Taromeo Tonalite 
Yarraman Granodiorite 
Volcanics-most! y Rhyolite 
Gilla Andesites 
" Gympie Series " 
Serpentine 
Bunya Phyllites 
The relative placing of some of these is only tentative. 
The granitic rocks are thought to have formed, in part at least, by granitisation 
of altered Bunya Phyllites. The resulting granitic " magma " was, in some places, 
forcefully injected, and the evidence shows that these rocks were emplaced close 
to the surface. 
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I I .  GENERAL GEOLOGY. 
Early references to the geology of the area were made by officers of the Geological 
Survey. These writers were concerned with small mining ventures in the area and 
dealt with the working of gold, silver and copper. Papers of this nature were 
written by Rands ( 1886) , Ball ( 1901 ) ,  Jackson (1901 ) ,  Ball ( 1906) , Ball ( 1912) ,  
Cameron (1916) ,  Denmead (1934) , and Morton (1935) . Miss Hill ( 1930) and 
Tommerup (1930) did field work in the area of a non-economic nature. Shepherd 
and Connah (1947) have recently examined known basaltic areas in this district . 
The geology of the area may be summarised briefly as follows : 
The oldest rocks belong to the Brisbane Schist Series. These outcrop to the 
south-west of Yarraman, and between Yarraman and Nanango. The dips of the 
rocks of this series are always steeply to the west-south-west, while the strike is 
usually that of the Schist Series about Brisbane, viz . ,  north-north-west-south­
south-east .  They are non-fossiliferous and their age is probably somewhere between 
late-Cambrian and Silurian. Rock types in the Yarraman district are mudstones, 
fine-grained shales, siliceous shales, quartzites, red jaspers, slates, phyllites and, 
near granite contacts, mica schists. Most of these rocks appear to belong to that 
division of the Brisbane Schist Series known as the Bunya Phyllites . In many 
places there is a good deal of silicification associated with the rocks. 
Probably next in age is the serpentine, mentioned by Tommerup ( 1930) . This 
is presumably related to the serpentine intrusions which occur between Ipswich 
and Rockhampton, and is therefore late-Devonian in age. 
Non-fossiliferous altered sedimentaries consisting of fine grey laminated shales, 
blocky dark grey silicified shales, spotted altered shales and, near granite contacts, 
micaceous shales, different in character from the Brisbane Schist rocks, outcrop 
in several areas. These have been placed as equivalents to the Permian " Gympie 
Series " by earlier workers ; the present author found no evidence in this area to 
prove them to be Permian in age. 
Of great importance in this district are the Gilla andesites which intrude the 
Brisbane Schists. They appear to lie unconformably on these rocks. Their relation 
to the " Gympie Series " is unknown. 
Intruding these rocks are the granitic rocks which outcrop extensively. These 
" granites,"  which intrude the " Gympie Series,"  but not the Triassic Upper Esk 
Series, must have been emplaced towards the end of the Palaeozoic. 
In the south-east corner of the area is an outcrop of steeply tilted sedimentary 
rocks consisting of shales, sandstones, grits and conglomerates, with plant fossils 
which indicate that they belong to the Upper Esk Stage of the Esk Series (Miss Hill, 
1930a, 1930b) . The strike of these rocks varies from north 320° east to north 
340° east, and the dip varies from about 40° in a south-south-easterly direction 
to nearly vertical. 
The youngest rocks of any consequence are the Tertiary basalts which overlie 
all the previously mentioned rock groups. These belong to the Cooyar Range 
Basalts. 
The general altitude of the area, which is all hilly, is about 370 metres (1 ,200 
feet) above sea level, with some points rising to as much as 555 metres ( 1 ,800 feet) .  
The main drainage channel is Cooyar Creek, which flows in a general northc�asterly 
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direction to join the Upper Brisbane River. Flowing roughly parallel to Cooyar 
Creek are its tributaries Yarraman Creek, Boobir Creek, and Taromeo Creek. These 
watercourses all lie to the east of Cooyar Range, which forms a divide between those 
streams flowing north-east to join the Brisbane River, and those flowing to join 
Barker Creek and eventually the Burnett River. 
III .  SERPENTINE. 
Tommerup (1930, p. 20) mentioned that serpentine was found in a shaft on 
Portion 292, Parish of Cooyar. In a personal communication this author stated 
that a " considerable quantity of serpentine rock has been thrown up from the 
shaft, "  and that this rock " is very similar to that which is seen near Pine Mountain 
School . "  
Although this material was not seen by the present author, yet near the locality 
was found some red jasper, associated with the common type of quartzite replace­
ment of the Brisbane Schist Series. In the Fernvale district there is jasper in 
association with the serpentine. 
Dr. R. Graff has mentioned to the author that he was given a specimen of 
serpentine from Benarkin, but the exact locality was not known. 
IV. THE GILLA ANDESITES. 
The andesites were considered by Tommerup (1930) to be closely related to 
the " granodiorites," which he considered to pass, in part, continuously into the 
andesites (although he recognised the necessity for closer investigation on this 
point) . In an unpublished paper he referred to this group of rocks as the " Nukku 
Porphyrites." Since Gilla is more the centre of the andesite development (although 
both stations of Nukku and Gilla are built on granitic rocks) , and since many 
authors think the term " porphyrite " should be abandoned, this group of rocks 
is referred to in this paper as the " Gilla Andesites."  · 
The andesites outcrop over an extensive area of country. They are found 
to the north of Yarraman, bordering the Yarraman granodiorite to the east and 
west, and forming a division between this granitic mass and that which outcrops 
at Gilla. Most of the bed of Cooyar Creek within the area exposes andesite . 
About Yarraman the andesite has formed a deep red soil, and it is rarely that 
any fresh rock can be obtained, even from deep road cuttings. Since a similar 
red soil is overlying basalt a little to the north, it is impossible to map the boundary 
of the andesite about here. 
On the whole the andesites are tough dark rocks, with, usually, irregular 
jointing, so that outcrops of small blocks are plentiful. Along Cooyar Creek the 
andesites stand up to form high cliffs. The andesite hills are steep-sloped, with 
deep gullies. 
Petrology : 
The " typical " Gilla Andesite is a dark grey, tough porphyritic rock with 
phenocrysts of plagioclase and a lesser amount of augite, set in a fine dark ground 
mass. From (his type there is considerable variation due to relative sizes of the 
phenocrysts, and also to the amount of alteration the rock has undergone. In 
some places agglomeratic types occur, with the porphyritic rock set in a fine black 
base. 
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The overall colour varies from the dark grey of the fresh material through a 
dark purplish tinged rock, to a green, or greenish-white, very altered rock. Some 
specimens have a pink colour due to the development of haematite. 
With this change in alteration, and colour, there is a change in the specific 
gravity. This for the fresh rock is 2.92, and the value drops to 2 .66 where the 
alteration has been considerable. However, with more advanced changes, when 
epidote replacement occurs, the value rises to as much as 3.06. 
Petrography : (855, 864, 916, 917 ,  919) .  
Plagioclase felspar is the most abundant mineral, since it forms most of the 
phenocrysts (which constitute 25%-30% of the rock) , and the groundmass. The 
phenocrysts are usually well formed prismatic crystals, up to 8 millimetres in length ,  
although at  many localities they are tabular and up to  15  millimetres long (924) . 
Many sections show fragments of crystals which have been broken off. Twinning 
is commonly of a combined Carlsbad-albite type. A few crystals are zoned. The 
composition of the phenocrysts ranges from labradorite Ab40 to andesine Ab60 
with the majority of the crystals of an intermediate composition, Ab50 or a little 
more calcic. Inclusions of very small crystals of magnetite and apatite are present 
in many. Some of the crystals have been partially resorbed, but this has later 
been repaired. (See Text Fig. 1 ) .  · 
FIG. I FIG. 2 
FIG. 1-Gilla andesite (855) . Typical andesite, with phenocrysts of labradorite and augite ; 
one labradorite showing a zone of later growth, and augite showing partial absorption (x 20) . 
FIG. 2-Gilla andesite (820) . The augite is marginally altered to epidote, and the large 
plagioclase phenocryst is partially kaolinised. A secondary hexagonal crystal of quartz occurs 
near the augite (x 20) . 
Augite occurs in euhedral to subhedral phenocrysts which are, in general, 
smaller than the plagioclases. Twinning on ( 100) is fairly common. Aggregates 
of two or three crystals appear in some sections . Inclusions in the augite are mostly 
of magnetite, which is commonly in zones parallel to the crystal margins. The 
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augite phenocrysts make up about 5% of the rock (although where plagioclase 
phenocrysts are large the augite content is less) . Like the plagioclase, some of 
the augite shows resorption. (See Text Fig. I ) .  
Magnetite is present in  abundant small irregular grains which are mostly 
included in the phenocrysts. 
Apatite occurs in accessory amount, mostly as stumpy prismatic crystals 
included in plagioclase. 
The groundmass is a fine-grained aggregate of plagioclase, augite, and dusty 
magnetite, intermixed with a brownish glassy material. Even in the freshest 
specimens examined the groundmass tends to be cloudy due to the alteration of 
felspathic material. 
Secondary Minerals : 
(This section deals with hydrothermal alteration of the andesites only. Those 
diabrochomorphic changes brought about close to the granitic contacts are described 
later) . 
A feature of the alteration of the plagioclase is its localised nature, for fresh 
crystals occur only a few millimetres from very much altered ones. As alteration 
proceeds the crystals lose their vitreous lustre, and become cloudy and opaque, so 
that they become more conspicuous in hand-specimens. Epidotisation may proceed 
along with this kaolinisation, or it may be independent of kaolinisation. Thus, 
large crystals may contain small grains of epidote with very little kaolinised material 
in them (867) . More commonly, however, the plagioclase is altered to a mixture 
of kaolin, sericite, epidote, and quartz (or some of these minerals) . 
Quartz is a common secondary constituent, formed in situ, or introduced by 
migrating solutions. It occurs in small grains or euhedral crystals in kaolinised 
plagioclase and altered ferro-magnesian minerals .  In larger crystals (up to 5 milli­
metres long) it is present in cavities and along joint planes with epidote and in 
some cases calcite .  
Uralite replaces the augite in whole or in  part in rocks which are not too much 
altered. Like the plagioclase, fresh crystals of augite occur close to uralite 
pseudomorphs of this mineral. The uralitisation may be partly the result of deuteric 
action in the andesite, but owing to the extensive alteration by the " granite,"  
there is  no way to determine the extent of  the deuteric action . 
Chlorite, mostly the variety penninite, occurs in irregular flaky aggregates, or 
in radiating tufts lining small cavities, where it has been deposited together with 
quartz and epidote. A common occurrence is a partial pseudomorph of chlorite 
and magnetite, with a residual grain of augite in the middle. Chlorite also occurs 
in altered plagioclase crystals. Where the rock has been almost wholly replaced by 
epidote there is little chlorite. 
Epidote is very widely distributed, and in very altered rock it makes up most 
of the mineral content . It is of a typical oil green colour ; in section much of it 
shows uneven distribution of colour, some parts being almost colourless. It results 
from the alteration of augite (Text Fig. 2) and plagioclase , occurring in replace­
ments of these minerals, and also in small prismatic crystals or as a granular coating 
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along joint planes and in cavities. In some places epidote o:::curs as replacement 
veins several centimetres in thickness (906) . Where the epidote is especially 
plentiful, its formation can be traced to acid dykes intruding the andesite and it 
can be seen that the altering fluids penetrated along incipient joints. Here again, 
the local nature of the alteration is evident, for fresh rock occurs only a matter 
of several metres away from the epidote-rich veins. In the andesite on the banks 
of Y arraman Creek, in Portion 38V, Parish of Cooyar, epidote occurs as rounded 
independent fine-grained nodules up to two centimetres across, and sharply defined 
from the surrounding andesite. 
This rock (922) is fine-grained, and has felted labradorite laths set in an altered 
base, containing chlorite, kaolin, m3.gnetite, and a little epidote. The texture is 
more like that of a basalt . The epidote next to the host rock is clouded, while 
crystals in the middles of the nodules are clear and pure. The epidote crystals 
are comparable in size and shape to the labradorite laths, but it is notable that 
the labradorite laths adjacent to nodules do not show partial replacement by 
epidote. Some of the nodules are quartz-centred, and in the quartz are small 
euhedral crystals of epidote, together with a fine hairlike mineral which may be 
actinolite . The nodules are largest and most irregular in form close to the epidote­
covered joint plane, and they decrease in size and numbers within about 5 centimetres 
from this plane. They cannot, therefore, represent infilled vesicles. These nodules 
are very striking examples of the localised nature of the metasomatic replacement 
processes which have affected these rocks. 
Magnetite is an abundant alteration product of the ferro-magnesian minerals . 
Haematite occurs in the more altered rocks, giving a pink colour to the felspars (866) . 
Besides this more general distribution, haematite occurs as bright red earthy bands 
in some places. Bright red jasper, which apparently represents haematitic bands 
which have been silicified, is frequently seen in the field, occurring in veins in 
much epidotised rock. Red jasper in altered andesite was reported by Burbank 
(1932) to be very common in the Bonanza mining district, and Coats ( 19i0) noted 
haematitic j asperoid material in his discussion of the propylitisation of the Comstock 
Lode. 
Calcite usually accompanies epidote where the latter occurs in cavities or 
along joints. It is rarely seen with epidote where this mineral has replaced augite 
or plagioclase in situ. Thus it seems that the epidote was transported in a carbonate 
solution. 
Actinolite occurs in small amount only, as very fine hair-like crystals included 
in epidote (913 ,  906) and quartz (924) , in some epidote-rich veins an:i cavities . 
Sphene also is present in small amount in these veins ; it occurs as typical 
sphenoidal crystals (906) . 
Basic copper carbonate (913) ,  mostly malachite, occurs in small amount with 
quartz, epidote, and actinolite, near the granodiorite contact in Portion 164V, 
Parish of Cooyar, and at the Ashington copper shafts these minerals are accompanied 
by stilbite. 
Progressive stages in the alteration of the andesite are shown in Text figures 
3, 4, 5, and 6. 
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FIG. 3 FIG. 4 FIG. 5 FIG. 6 
Stages in the alteration of the andesite (all x 20) . 
FIG. 3-Normal fresh andesite with phenocrysts of plagioclase and augite. 
FIG. 4-The plagioclase is fresh, but the augite is altered to uralite and magnetite. 
FIG. 5-The plagioclase has been altered to epidote and kaolin, and the augite to chlorite, 
uralite and magn�tite. 
FIG. 6-The rock is made up mostly of epidote with some kaolin, quartz crystals, and 
actinolite fibres . 
This alteration has affected almost all the andesite in the area. The alteration 
is similar to that of the propylitised andesites of the Western Isles of Scotland, 
described by Judd in 1890, except that there is no sulphide present in the Gilla 
rocks (except for a little near th� granitic contacts) . Judd noted a localisation 
of the alteration, saying that " the alteration which has gone on in them, though 
often extreme, is not infrequently found to be more or less local in character ; and, 
in the same mass, portions exhibiting very different stages of the change may often 
be found. " 
In defining propylitisation, some writers have emphasised that sulphide develop­
ment is important ; others state that albitisation of plagioclase is an essential feature. 
These distinctions have been discussed by Coats (1940) . Although the altered Gilla 
Andesites have many features in common with propylites, they contain neither 
sulphide nor albite in notable amount, and hence cannot be rightly termed propylites. 
That the altering solutions were derived from later rocks is seen from the fact 
that the most marked formation of epidote was along incipient joints in the andesite, 
so that the alteration was later than the solidification of the andesites. The relation­
ship to acid dykes near granitic rocks has already been mentioned. 
The great volume of rock which was affected is impressive. Almost all hand­
specimens show some epidote (which is the easiest recognised indicator of the altera­
tion) . It appears that : 
(a) " Granites " must underlie most of the Andesites. 
(b) The altering fluids (mostly H20 and C02) migrated great distances. 
(c) Large quantities of these fluids escaped from the granitic material . 
(d) Rare mineral constituents were absent. 
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Relationships to Other Rocks in the Area. 
In the south of Portion l64V, Parish of Cooyar, near Cooyar Creek, there is 
an outcrop of andesite associated with quartzites of the Brisbane Schist Series. 
The andesite here, though somewhat reddened by weathering, is fairly typical. 
There are prominent joint planes in a north 325° east direction. In the andesite 
there are dark, fine-grained inclusions, some of which are obviously Schist fragments. 
The Andesites, then, intruded the Schist Series. Whether the Andesites overlie 
the Schists as a flow is not known, since no exposures of the two rocks in contact 
were seen. No flow structures were seen anywhere in the area. 
The relations of the andesites to the " Gympie " rocks are obscure. 
Along the railway line between Benarkin and Blackbutt Creek there are 
exposures of " Gympie " rocks which have been altered by the tonalite, and a 
basaltic rock which has also been affected. There are no exposures of the two 
rocks in contact .  In the basaltic rock there are 11umerous epidote-quartz veinlets, 
and quartz veins with fine granular sulphide. The rock (949) is fine-grained, 
holocrystalline, and even-textured, and is made up mostly of plagioclase and uralitic 
amphibole. The plagioclase, albite, occurs in lath-shaped crystals, many of which 
are ophitically intergrown with the uralite ; no fresh augite remains. Epidote. 
penninite, fine fibres of actinolite, magnetite, pyrite, and a little quartz complete 
the mineral assemblage. The rock, a true propylite, appears to have been originally 
a basalt ; some of it shows vesicles. Whether it is a flow associated with the 
" Gympie " rocks, or with the Gilla Andesites is unknown. It bears little 
resemblance to the altered basaltic rock (922) containing the epidote nodules. 
The latter is finer-grained, poor in ferromagnesian minerals, and has no ophitic 
in tergrowth. 
Minor Intrusives into the Gilla A ndesit<J : 
The minor intrusives which cut the Gilla andesites appear to be mostly rhyolitic 
dykes. These vary from fine grained even textured rhyolites to markedly banded 
flow rhyolites. From the attitude of outcropping boulders, the dykes appear to 
be all practically vertical. 
In (970) , cut from a dyke striking north 240° east, near the granodiorite-andesite 
contact in Portion 233V. Parish of Cooyar, the dark bands are due to the aggregation 
of iron oxides along layers. Most of the rock is a fine grained mass of quartz with 
kaolinised and sericitised felspar. Some plagioclase phenoc;:rysts are present. 
(861) ,  from a dyke east of Pidna has no phenocrysts. Some of the small felspar 
crystals show simple Carlsbad twinning. 
Near Cooyar Creek, in the east of Portion 34V, Parish of Cooyar, rhyolite 
dykes contain fragments of altered andesite. Although some now much-altered 
rhyolitic dykes were associated with epidotisation of the andesite (see p. 22) , yet 
others had little effect on the andesite into which they were intruded. 
Some of the rhyolites carry little cubes of pyrites. 
V. OTHER VOLCANICS. 
About the junction of Rocky Creek and Y arraman Creek there is a complex 
of volcanic rocks, the relationships of which are not certain. The rocks consist 
of rhyolite, rhyolitic agglomerates, felspar porphyries, andesite, and andesitic 
agglomerate. 
The country here is steep and rocky. 
In Portion 58V, Parish of Cooyar, rhyolite agglomerate overlies tonalite. In 
one exposure the tonalite appears to merge into rhyolite, as there is a gradual 
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decrease in grain-size and ferromagnesian mineral content from the former to the 
latter. 
Associated with this rhyolite is .a striking rhyolitic agglomerate, with fragments 
of rhyolite, many showing flow bands, set in a fine rhyolite base. 
Below these rhyolites , on Yarraman Creek and Rocky Creek, are outcrops of a 
tough felspar porphyry, with grey phenocrysts set in a very fine black base. The 
plagioclase phenocrysts of (967) are andesine, and the crystals are mostly corroded 
marginally. A chlorite magnetite pseudomorph is the only sign of any ferro­
magnesian mineral content. These minerals are set in a fine grained grey, felspathic, 
flow-banded base, which is crowded with longulites and globulites. (930) is similar, 
but the rnicrolite base is more striking, and is crowded with margarites. Fine 
granular-quartz veins carrying epidote cut the rock. On the evidence of these 
quartz-epidote veins it could be assumed that this felspar porphyry is older than 
the granite. Direct evidence comes from an outcrop from near Rocky Creek in 
the middle of Portion 52, Parish of Cooyar, where there are inclusions of the felspar 
porphyry in the tonalite. The relationship of the porphyry to the rhyolite is 
not known. 
With these rocks are associated Gilla andesites. Andesite in one place occurs 
a.s a dyke cutting the felspar porphyry, so that, if this andesite is part of the Gilla 
andesites, then the porphyry is older than the Gilla Andesites. The andesite and 
felspar porphyry are usually closely associated, but no section of the two in contact 
was seen. 
In Rocky Creek in Portion 50V, Parish of Cooyar, there are boulders of a most 
striking agglomerate, consisting of fragments of rhyolite and andesite set in a fine 
green andesitic groundmass. If this base andesite is equivalent to the Gilla type, 
then all the volcanic rocks here are pre-tonalite, and the andesite is the youngest . 
Since flow and agglomerate structures are present in many specimens, these 
volcanic rocks were erupted on the surface. As there is not a great lateral extent 
of these rocks, it is reasonable to suppose that there was no great thickness, and 
therefore the tonalite must have intruded to a relatively shallow depth. 
VI. THE Y ARRAMAN GRANODIORITE. 
The mass of granitic rock outcropping between the main road crossing of 
Cooyar Creek and a point 6.5 kilometres north-north-east of Yarraman has been 
given the special name " Yarraman Granodiorite,"  for as will be seen later, it has 
features which make it readily distinguishable from the nearby tonalites . 
The rock forms an arcuate outcrop 10 kilometres long by a 2.5 kilometres wide, 
situated to the east of Yarraman, as shown on the map. It is bordered on the 
east, south, and west by andesite. To the north alluvium of Yarraman Creek 
obscures the boundary. In the west of Portion 61 V, Parish of Cooyar, there is 
an outcrop of sugary-textured quartzite, which may indicate original Schists. To 
the north the granodiorite appears to grade into the tonalite ; unfortunately there 
are few outcrops and no cuttings in this particular area. 
Over practically the whole of its outcrop the granodiorite is a compact, medium­
grained rock with a general pale pink colour and dull lustre. Judging from the 
large boulders (of about 100 tons weight or more) which are strewn over the hill 
sides the rock appears to be well jointed. However, in cuttings on the main road 
the joint system is very irregular. Near the contact at Cooyar Creek the jointing 
becomes markedly closer, giving rise to tabular blocks. 
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Petrography. 
In the hand-specimen the minerals which can be identified are : pink cloudy 
felspar ; white plagioclase, translucent to cloudy ; quartz ; biotite, which is usually 
in thin flaky crystals, often dull and ragged ; and epidote in small grains, or more 
rarely, in radiating groups. The minerals are present in the following amounts 
(approximately) :-
Quartz 
Felspar (incl. kaolinised material) 
Chlorite 
Biotite 
Epidote 
Magnetite 
Hornblende 
(Apatite not estimated) 
The specific gravity is 2.66. 
27 .4% 
58.3% 
5.9% 
3.7% 
2.3% 
1 .4% 
0.9% 
99.9% 
Most of the felspars are badly kaolinised, so that determination is difficult. 
A few crystals are fresh enough to be identified as orthoclase. Most of the felspar 
which appears pink in the hand specimen, but which in section shows much alteration, 
seems to have been orthoclase. 
The plagioclases are not so much altered. Twinning is on Carlsbad, albite, 
and pericline laws. Where fresh enough the plagioclase has been determined as 
oligoclase-andesine, Ab70. Some individuals show zoning, and a few crystals of 
microperthite occur. Rarely, inclusions of biotite and magnetite are present . 
FIG. 7 FIG. 8 
FIG. 7-Yarraman granodiorite (956 ) .  Showing intergrowth of quartz and cloudy felspar 
mth a basal section of quartz in the south-east quadrant (x 20) . ' 
FIG. 8-Yarraman granodiorite (9f17 ) .  A biotite crystal which appears to have been wedg(:d 
apart by quartz. Note also the apatite crystals (x 20) . . J 
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A striking feature seen in all sections examined is the intergrowth of the very 
altered felspar with quartz. The felspar material is commonly present in linear 
or angular branching forms, as shown in Text Figs. 7 and 9. The boundaries 
between the quartz and the kaolinised felspar are not sharp, and very commonly 
the kaolin passes into a mere cloudiness in the quartz. The basal section shown 
in Text Fig. 7 (956) has the felspar remnant branches arranged at angles of 120° 
to one another. If these structures represented simultaneous crystallisation, it 
would be expected that the boundaries between the two minerals would be sharp, 
as is usual in micrographic structures. Alling (1936) states that whereas in 
exsolution textures the two minerals are sharply bounded and of constant width, 
intergrowths due to replacement usually show an increase in width at crossings. 
It appears that quartz replaced much of the orthoclase. It is notable that the 
plagioclase crystals are not so affected. 
Most of the quartz contains inclusions of cloudy patches such as just described. 
Rarely a euhedral crystal of quartz is present. 
Biotite occurs in well-formed crystals with rectangular sections and in irregular 
shaped flaky aggregates. Some of the former type appear to have been split along 
cleavages, as shown in Text Fig. 8, where quartz appears to have wedged the 
crystals apart (957) . Much of the biotite has suffered alterations as described 
below. There are no pleochroic haloes . 
Chlorite is more plentiful than the other ferromagnesian minerals. Much of it  
is the variety penninite. The chlorite occurs partly replacing biotite, with or 
without epidote and magnetite, or in scaly aggregates, and also in radiating tufts. 
FIG. 9 FIG. 1 0  FIG. I I  
FIG. 9-Yarraman granodiorite (957 ) .  Fresh biotite in the middle of the crystal surrounded 
by epidote and chlorite, with magnetite and sphene (x 20) . 
' 
FIG. 1 0-Yarraman granodiorite (954) . Fresh biotite crystal with epidote grains following 
the cleavage direction (x 20) .  
FIG. 1 1-Yarraman granodiorite (954 ) .  Radiating epidote surrounded by chlorite and 
kaolin (x 20) . 
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Epidote is present in all sections and has the usual yellow-green colour, though 
this may vary in intensity in any one crystal . It is commonly present as anhedral 
grains, pleochroic, included in otherwise fresh biotite, where the epidote grains are 
elongated parallel to the cleavage of the biotite (Text Fig. 10) (954) . Other sections 
show a remnant of fresh biotite surrounded by epidote (Text Fig. 9) (957) . Usually 
the epidote is associated with chlorite and magnetite. Some small crystals included 
in quartz show euhedral forms ; rarely a larger crystal shows faces (Text Fig. 12) 
(956) . The occurrence of epidote in otherwise fresh biotite recalls the very localised 
formation of the mineral in the andesites ; such an occurrence might suggest a 
primary ongm. In cases where a primary origin is claimed for epidote in granite, 
the epidote occurs with well developed crystal form (e.g. , the cases cited by Keyes 
(1893) ; Merrill (1895) ; Butler (1909) ; Kolderup and Kvale (1935) ), and it is often 
associated with allanite. In the table of powers of crystallisation of minerals given 
by Lindgren (1919) epidote precedes biotite, so that if it were primary in the present 
instance it should show crystal outlines towards the biotite. 
FIG. 1 2  
FIG. 1 2--Yarraman gr.anodiorite (956 ) .  Quartz �iving shape to biotit� and epidote shaping felspar ; also large magnetite crystal, numerous apahte prisms, chlorite, and kaolinised felspar 
(x 30) . 
Hornblende was seen in one section only, occurring in subhedral crystals. 
Magnetite is present largely as an alteration product of the ferromagnesian 
minerals, as seen from its associations. 
Apatite occurs . in very slender crystals or short prisms which are in places numerous. These httle crystals form clusters of several individuals, mostly where 
ferromagnesian minerals have altered to epidote and chlorite (Text Figs. 8 and 12) . 
They also occur included in quartz. 
Zircon is not common. It occurs in prismatic crystals terminated by pyramids, 
usually associated with apatite, and included in quartz (not in the biotite, however) .  
One crystal of zircon (953) is embayed by a hexagonal section o f  apatite, so that 
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the two must have formed at the same time, i.e. , late ( ?  deuteric) . Gillson (1925) 
cited many references describing the occurrence of zircon in contact zones. 
Inclusions in the Y arraman Granodiorite. 
Although at a glance the rock looks even-textured and free from inclusions, 
yet close scrutiny of freshly fractured surfaces shows numbers of small inclusions 
and ferromagnesian-rich patches. These are usually less than three centimetres 
across, and are divisible into two groups : 
(i) The more common type consists of globular clots of ferromagnesian minerals, 
varying from dense masses to more open aggregates with a greater amount of light 
minerals. Section (959) made from one of these dark xenoliths, appears generally 
similar to the surrounding granodiorite except for the greater amount of biotite 
(Text Fig. 13) .  The biotite occurs in lath shaped sections, commonly altered in 
part to chlorite, magnetite and less to epidote. Apatite is abundant, occurring in 
long, thin crystals or stumpy prisms. A few crystals of zircon are also present .  
The felspar i s  all kaolinised, and though some is  plagioclase, its composition is 
not determinable. 
FIG. 13 FIG. 14  
FIG. 13-Inclusion in Yarraman granodiorite (959) . Numerous subhedral biotite crystals 
and apatite needles (x 20) .  
FIG. 14-Schistose inclusion in Yarraman granodiorite (960) (x 20) .  
(ii) The second type of inclusion is that which is obviously of altered 
Schist material. These inclusions are somewhat elongated, and have a marked 
parallel orientation of the minerals. In section (960) such inclusions show kaolinised 
felspar, quartz, and biotite (Text Fig. 14) . The biotite is oriented parallel to the 
length of the inclusion . Apatite and epidote are present in small amount only. 
Zircon and sphene, which are present in the surrounding granodiorite, do not occur 
in the inclusion. 
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The relative abundance of apatite as fine needles in xenoliths in granitic rocks 
has been recognised by many workers (see especially Nockolds (1933) ) . The 
formation of apatite here was a late process. There must have been calcium present 
in the xenolith to combine with the volatiles phosphorus and fluorine to · have 
formed the apatite. In the case of the inclusions which are obviously schistose, 
basification was not far advanced, so that there was not much calcium available 
for this reaction. However, the more basic inclusions (which mo.y have been derived 
from Schist ; see later) contained more calcium. On being granitised (in part) the 
calcium would be readily a\·ailable for apatite formation, while biotite formed 
from hornblende. This also accounts for the epidote lack in the schistose inclusion, 
as compared with its development in the ferromagnesian-rich inclusion. 
The .Margins of the Y arraman Granodiorite. 
Along the western and south-western borders of the mass, in Portions 454, 
R140, and 164V, Parish of Cooyar, outcrops of apparent " knife-edge " contacts 
with the Gilla andesite occur. Thin seams of granitic material penetrate the 
andesitic material in places, and, as will be shown, microscopic examination proves 
that the contacts here are not of true " knife-edge " type, for material from the 
granodiorite has altered the andesite. 
These alterations in the andesite have given rise to many different rock types 
in a small area. Many of these are described below, and then a description of 
rocks obtained in a traverse along Peter Creek, at right angles to the contact, is 
set out. 
Within a few centimetres of the contact (907 , 908) , the grain-size of the 
granodiorite becomes rapidly finer and there is a border about 2 millimetres wide 
in which the grains are extremely fine. Quartz is more abundant here than in 
the normal rock ; it does not show strain phenomena. The felspar is mostly 
kaolinised. The few biotite crystals present are elongate and ragged, and mostly 
partly chloritised. Small euhedral crystals of apatite occur in accessory amount.  
Next to this fine-grained border is the altered andesite, with chlorite, biotite, 
quartz, and felspar, the ferromagnesian minerals being much more plentiful than 
in the granodiorite . Some of the plagioclase phenocrysts of the andesite have been 
broken apart by veinlets of intruding granitic material. Fine-grained quartz, with 
chlorite, magnetite, and biotite make up the base in which the minerals are set . 
The biotite in this base occurs as small fresh grains which are very numerous. 
Thin granitic veins, about 5 millimetres wide, cut the andesite in several places ; 
(909) is cut from one of these veins. The granitic material shows no signs of 
chilling, and is similar to the normal granodiorite, with badly k�olinised felspars, 
some of which have been replaced by quartz, and biotite in places replaced by 
epidote. The andesite of this section contains phenocrysts of plagioclase which 
appear to have been partly resorbed ; one crystal has bent twin lamellae. Uralite 
occurs in irregular aggregates with dusty patches of magnetite. Biotite forms 
small flaky crystals and clusters of rounded grains, both occurrences being unlike 
the ragged flakes of this mineral found in the granitic vein. Throughout the 
groundmass, and in slightly less amount than the biotite are small grains, some 
showing crystal outlines, of faintly greenish diopside. Apatite occurs in exceedingly 
fine needles and rods, usually included in quartz, which is present throughout the 
andesitic material. 
In the west of Portion R140, Parish of Cooyar, the altered andesite has 
developed in it round patches about 1-2 centimetres across, of dark minerals . In 
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section (91 1 )  these patches are seen to be made up of a very fine aggregate of 
ragged crystals of biotite, anhedral grains of diopsidic augite, and grains of 
magnetite, with interstitial quartz. These clusters of minerals are set in a mass 
of a similar mineral content . The grain-size of the augite is small, but some crystals 
are large enough to allow determination as optically positive, biaxial crystals with 
good cleavage giving second order colours. They may be either diopside or augite ; 
from the greenish colour of the mineral in hand-specimens it is inferred that they 
are diopsidic. Biotite is present in less concentration in the base than in the d�rk 
patches. Apatite is present in small amount in very small crystals . 
Another specimen from the same locality has a greenish veinlet cutting the 
andesitic material. This veinlet (910) is made up of fine granular diopside, on 
either side of which is · a zone made up almost wholly of small biotite crystals. 
Biotite of similar form also occurs in clusters throughout the remainder of the 
section, as does some of the diopside. Apatite in small crystals is a plentiful 
constituent. 
Working across the contact from granodiorite to andesite at Peter Creek, it 
is noticed that there is considerable variety in the altered andesite near the contact 
(as, in part, already described) . The general sequence is as follows : 
The granodiorite near the contact is similar to the normal Yarraman 
granodiorite, except that hornblende crystals are commonly visible in hand 
specimens. Right up to the contact the grain-size is normal and there are only 
the usual number of small xenoliths. The granodiorite (996) is a coarse-medium­
grained granitic rock with rectangular subhedral crystals of plagioclase, kaolinised 
felspar, quartz, hornblende, biotite, magnetite, epidote and penninite. The 
plagioclase crystals are of andesine, Ab58 (which is more calcic than normal) . 
From their size, form, and composition it might be thought that they were derived 
from the andesite by a simple process of mechanical incorporation, If this were 
the case, there ought to be fragments of broken-up andesite present as well. Also, 
as will be seen, the plagioclase phenocrysts of the andesite are greatly affected by 
the basification processes. Quartz is interstitial but there is no development of the 
intergrowth replacement structure common to the Yarraman granodiorite. Horn­
blende is more plentiful than biotite, with which it is associated. Both minerals 
are partly altered to epidote, penninite, and magnetite. A few clusters of apatite 
needles occur. 
The next rock to outcrop past the last boulder of granodiorite is a fine dark 
speckled-looking rock, with here and there coarser granitic blebs. The rock to 
within about sixty metres of the contact is fine, dark, and sparkling with little 
flakes of biotite. Then the rock becomes more recognisably andesitic since dark 
phenocrysts are \'isible in the black base. (998) . The porphyritic texture of the 
original andesite is still apparent, but the phenocrysts of original plagioclases are 
clouded and the groundmass is crystallised. The plagioclase phenocrysts are now 
mostly rounded, and the few which show any twinning have the best crystal outlines . 
The cl�udin�ss is due to the develop�ent_ of nll:ml;>ers of fine granules and crystals of augite with lesser amounts of dwpside, bwhte and magnetite. The auo-ite 
phenocrysts likewise are mostly rounded, and have dark reaction rings, mainl; of 
fine magnetite dust . The change in the groundmass is most striking, for it is no 
longer semi-opaque, but a mass of small crystals and grains. These are of auo-ite, 
diopside, biotite, and magnetite, set in quartz and felspar. The whole mass is �hot 
through by innumerable fine apatite needles. The change here, then, has been the 
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formation of augite, dropside, biotite, magnetite, and apatite, throughout the base 
and in the plagioclase phenocrysts, with little effect on the augite phenocrysts. 
Another ten metres on there is considerable variety. In parts the rock is cut 
by ill-defined granitic veinlets. These veinlets ( 1000) are made up of quartz, 
orthoclase, biotite (partly chloritised) , epidote, hornblende, and magnetite. Near 
the basified andesite they carry augite crystals . The andesitic part of the slide 
is mostly a fine aggregate of biotite, diopside and magnetite, with the original 
plagioclase phenocrysts clouded by granules of augite and magnetite. 
Also in this area is some quartz-diopside rock (1001) .  
This i s  a fine-grained rock consisting almost wholly o f  diopside and quartz, 
the former predominating. The dropside varies in grain-size and crystallinity ; 
certain areas of 5-10 centimetres across are solid masses of diopside grains and 
crystals. A few crystals of plagioclase occur with the quartz. There is no sign 
of any residual andesite characteristics i this rock is the most altered one of the 
contact zone. 
All about here small pockets and veinlets of granitic material occur in the 
altered rock. 
About fifty metres further along the creek the rock is altered andesite (971)  
which has been cut by numerous thin quartz veins. These are of granular quartz, 
not showing shadow extinction. The veins make clear-cut junctions with the 
andesitic material. Granular quartz occurs throughout the andesite, but it does 
not appear to have been derived from these veins. Thus there seem to have been 
two stages of silicification : first a general impregnation which may have been part 
of the granitisation after basification ; and, secondly, a hydrothermal veining. 
Five hundred metres from the contact there is typical Gilla andesite (997) . 
This is a porphyritic rock, with phenocrysts of plagioclase and augite set in a fine 
dark grey base. The plagioclase phenocrysts are of andesine, Ab55, and are euhedral 
to rounded, and with numerous inclusions, mostly of magnetite grains. The augite 
phenocrysts are euhedral to rounded, and many are twinned. Magnetite is abundant 
in small grains throughout the rock. The groundmass is a fine dark mat of wispy 
plagioclase, magnetite and augite. 
Apart from the small inconspicuous inclusions (already described) which occur 
throughout the granodiorite, there are a few larger xenoliths about 10 centimetres 
across, near the contacts. These appear in the hand-specimens to be little-altered 
andesite. (961) shows part of one of these xenoliths, with some of the neighbouring 
granodiorite. The granodiorite surrounding the xenolith has more hornblende than 
biotite ; both these minerals are partly chloritised. Epidote is quite plentiful . 
Magnetite occurs in crystals and grains, in amount greater than in the normal 
granodiorite. Apatite is abundant in very small crystals, mostly included in quartz ,  
occurring especially close to  the andesitic material of  the inclusion. Between the 
granodiorite and the xenolith is a layer rich in green hornblende and biotite. The 
xenolith itself, originally andesite, still shows phenocrysts of plagioclase, but their 
outlines are indistinct . Twinning in some of these is vaguely indicated between 
crosse� Nicols. Others are crowded with small granular minerals, mostly augite, 
but also biotite and magnetite. The groundmass is cloudy, and is packed with 
fine grains of augite, biotite, some uralite, magnetite, quartz plagioclase, and 
abundant very fine needles of apatite. (Text Fig: 15) . 
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FIG. 1 5  
FIG. 1 5-Inclusion i n  Yarraman granodiorite (96 1 ) .  Showing numerous small grains of 
augite, biotite and magnetite included in plagioclase (x 20) . 
The sharp type of contact can be seen in many parts of the south-west border 
of the granodiorite. At the Cooyar Creek crossing, however, there is a change. 
Unfortunately the actual contact is covered by boulders in the creek bed. Just 
beneath the railway bridge the granodiorite is closely jointed, the direction of the 
most prominent joints being north 250° east . The outcrops here are of a yellowish­
brown modification which is notably free of ferromagnesian minerals. In 
section (868) the rock is seen to be made up of quartz, kaolinised and sericitised 
felspar, muscovite, and a little magnetite . The quartz and altered felspar are 
micrographically and myrmekitically inter-grown. There are a few large altered 
truncated crystals of plagioclase present, which may have been derived from the 
andesite . 
Across the creek, i.e . ,  towards the andesite, there are some granodiorite boulders 
in situ, which have small cavities, 2-5 millimetres across. Into these cavities project 
little crystals of quartz, felspar, biotite and epidote. 
Along the eastern boundary no sharp contacts were seen. This may be due 
to an absence of suitable exposures, but more probably it is because of a more or 
less continuous margin of porphyritic and aplitic modifications here. Near Cooyar 
Creek, in the south of Portion 34V. Parish of Cooyar, the granodiorite appears to 
have mixed with the andesite to some extent. In (821) the andesite is represented 
by crystals of plagioclase, near Ab50, which have been crushed, and altered 
marginally, though fresh internally ; and by chlorite, magnetite, and kaolin, which 
are the alteration products. The granitic part of the mixture is represented by 
quartz, kaolinised felspar, and biotite. There has been no basification here. 
In a railway cutting in the south-east of Portion 35V. Parish of Cooyar, there 
is a mass of medium-grained pink granophyre, made up mostly of quartz and 
orthoclase, beautifully intergrown micrographically. Also present (962) are a few 
small crystals of biotite, a little magnetite, and a grain of tourmaline, which is 
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pleochroic from pale grey-blue to deep blue. This is the only part of the Yarraman 
granodiorite where tourmaline has been seen . 
Further to the north are aplitic modifications, and then " porphyritic " 
modifications outcrop along the Ten-chain road. The " porphyritic " rock is dull 
brown and has inclusions of felspar crystals and irregular ferromagnesian mineral 
patches. The plagioclase crystals (935) are similar in size (about 3 millimetres) 
and shape to those occurring in the typical andesite, and are set in a fine-grained 
mass of quartz, kaolinised felspar, plagioclase, and biotite. The plagioclase 
xenocrysts are near Ab50 in composition, and are mostly fresh, although nearly 
all show marginal corrosion. Many have numerous inclusions of fine prisms of 
apatite. There are also a few xenocrysts of hornblende ; much of it is partly 
chloritised, or associated with fine flakes of biotite. 
To the north, in the south-west of Portion :37V, Parish of Cooyar, a similar 
xenocrystic rock outcrops near the andesite. Like (965) just described, this rock 
(966) has inclusions of andesine-labradorite set in a base, in this case, a microgranite. 
The plagioclase inclusions are more altered than in (965) and contain small grains 
of augite as well as apatite and magnetite. Smaller crystals of green hornblende , 
usually much broken up by alteration, also occur. 
These xenocrystic rocks of the north-eastern boundary thus appear to be mi:, 
rocks formed by breaking up of andesite by a fine-grained modification of the 
granodiorite . They are intermediate between the granodiorite and the rock of 
(853) , which has a greater amount of andesitic material. 
The relationship to the tonalite is obscure as there is no cutting showing the 
contact, nor are there a series of boulders outcropping which would show changes 
from one rock to the other. There are a few small dark inclusions in the 
xenocrystic rock, but none which appear to be related to the tonalite .  
Age relative to the Taromco tonalite. 
Although characterised by many minerals containing the OH group, the 
granodiorite is only medium-grained. This small grain-size suggests at once that 
a high water content was not present during crystallisation, for otherwise it would 
have acted as a flux to produce large crystals . The numerous replacement structures 
also indicate that much of the water was introduced later. In the absence of any 
direct evidence these facts may be used to deduce that the Yarraman granodiorite 
was emplaced earEer than the tonalite. 
This view as to the age relative to that of the tonalite overlooks the possibility 
that the changes which the Yarraman granodiorite has undergone might have been 
deuteric. In view of the fact that the andesites suffered changes of epidotisation 
and so on, it is likely that some of these changes, at least, in the granodiorite were 
due to altering fluids from the tonalite .  However there is another aspect to be 
considered. The granodiorite contains numerous small inclusions, and it has 
modified much of its originally andesitic country rock. The much larger tonalite 
mass had very little basifying effect where it intruded andesite .  The tonalite, 
although rather " dead," might have heated the andesite sufficiently to make the 
changes by the granodiorite possible (if the granodiorite really was the later) . 
Against this, however, is the fact that there are no included blocks of tonalite in 
the granodiorite. On the whole it seems that the evidence is in favour of the 
granodiorite being the earlier. 
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Minor Intrusions into the Y arraman Granodiorite. 
Apart from the numerous small aplite dykes, there are few minor intrusions 
cutting the Yarraman Granodiorite .  · 
In the road cutting at the Peter Creek bridge is a small dyke of dark brown 
rock cutting the granodiorite . This rock (964) has numerous small ( 1  millimetre) 
phenocrysts set in a fine base . The largest of the phenocrysts are penninite-uralite 
pseudomorphs. The smaller, very numerous fresh crystals are augite ; some of 
these are partly resorbed, but most have well developed crystal outlines. A few 
irregular crystals of quartz also occur. The groundmass is greenish-grey, due to 
the chloritic and uralitic material . Minute crystals of magnetite abound. Fine 
laths, which may be felspar, are present . 
This dyke is remarkable in that for several centimetres on either side of it the 
granodiorite has been changed to an epidote quartz rock (963) . The epidote formed 
from original biotite is clearer than that formed from felspar, and of different 
form. That formed from the felspar is clouded by kaolin material. Only the 
quartz and apatite remain unaltered. 
A similar dark finely porphyritic dyke rock cuts the granodiorite in several 
places along the railway line near Bear Creek. The epidotisation, however, is 
not so marked. 
At the bridge over Peter Creek is another dyke, this being of a dull, altered 
pinkish porphyritic rock (862) . This rock consists of kaolin, sericite , and quartz, 
with a little chlorite, epidote, and uralitic amphibole. It was probably a late 
intrusion from the granodiorite itself. 
To the north-east of Pidna, near the andesite boundary, is a stiking breccia 
with fragments of the granodiorite (up to 20 centimetres across) set in a fine green 
base . There is only a small outcrop of this rock. 
About 400 metres north-north-west of the Peter Creek crossing is a large dyke 
of a dull grey, porphyritic rock, with phenocrysts of plagioclase and, rarely, quartz. 
The rock (869) is very altered and has kaolinised and sericitised plagioclase 
phenocrysts set in a kaolinised base. Some aggregates of chlorite ,  epidote, and 
magnetite occur. The strike of this dyke is north 325° east . Several hundred 
metres to the north, along the stock route, is an outcrop of ·a similar dyke rock. 
VII .  THE TAROMEO TONALITE. 
Ball ( 1 912) stated that " granite crops over the major part of the parish " 
(Taromeo) . Although this " granite " extends into the Parishes of Cooyar and 
�anango (and probably others) , the mass will be referred to in this paper as the 
Taromeo tonalite. 
These rocks are easily distinguished from the Yarraman type because of a 
general grey colour and (usually) coarser grain-size . In such a mass, intruding as 
it does several different rock types, it would not be expected that there would be 
evenness of composition and texture throughout ; as will be seen, there is considerable 
variation. 
Entering the area from Brisbane the tonalite is first seen on the main road 
about 3 .2 kilometres north-east of Benarkin, where there is a small outcrop 
associated with " Gympie " and Esk rocks. Between Blackbutt and Nukku outcrops 
are few because the tonalite is deeply weathered. The irregular shape of the 
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outcrop between Nukku and Gilla shows that the tonalite about here is only now 
being exposed by erosion. In this case Salty Creek is removing the cover of 
andesite and Tertiary basalt . To the north-east and north the tonalite is well 
uncovered and outcrops in many places-at Taromeo, between Taromeo and Cooyar 
Creek, and about the Seven Mile Goldfield Reserve. To the north, between Horse 
Gully and Sandy Creek, just south of �anango, there are outcrops of very weathered 
rock. Sufficient remains to show that the fresh rock was similar to the normal 
tonalite. 
It must be realised that the area as mapped for this paper gives little indication 
of the true size of the batholith . A grey " granite " outcrops 6 kilometres north­
west of Nanango, in Portion l30V, Parish of Booie, and about 5 kilometres to the 
north of this, round about Portion 36V. Parish of Booie, there are outcrops of 
similar rocks. Near Maidenwell, 1 8  kilometres to the west of Yarraman, there is 
a true granite. And at Cooyar, 210 kilometres south-west of Yarraman, is a more 
basic granitoid rock. It is hoped to describe these rocks and their relationships 
in later papers. 
In weathering the different parts of the tonalite show various degrees of 
resistance. The rock between Nukku and Blackbutt rarely outcrops. Near Gilla 
there is a deep cover of rotten rock. In cuttings along the railway between Gilla 
and Nukku basalt overlies a coarse granitic sand which is crudely stratified. Some 
road cuttings between Nukku and Blackbutt expose a lateritic soil profile over the 
tonalite. The topsoil is orange-red, and there is revealed in the deeper cuttings a 
mottled zone. In the Taromeo-Cooyar Creek area there are numerous boulder 
outcrops. 
Petrography. 
The tonalite is not as homogeneous as the Yarraman granodiorite, so that a 
general description of it is not satisfactory. Therefore the " purest " rock types 
are described first, and more contaminated ones are described later, together with 
their field relationships. 
(a) Rocks of granitoid texture ; the normal tonalite. 
(i) Outcrops on the main road between Nukku and Gilla, in Portion 255, 
Parish of Cooyar, are. of a fresh, bright, massive grey rock with the ferromagnesian 
minerals evenly distributed and well formed. The specific gravity is 2.69.  
The rock (932) is coarse-medium in grain-size, holocrystalline and hypidiomorphic. 
Plagiocla"e felspar is the most abundant mineral forming subhedral crystals which 
are mostly fresh. These are twinned on the albite law, more rarely combined 
with the Carlsbad law. The albite twins are of composition andesine, Ab65• Also 
present are crystals of gradationally zoned plagioclase, optically positive, and 
others with a feeble shadowy twinning or none at all .  Some of  the zoned crystals 
are sericitised internally ; a few include small grains of epidote. 
Quartz is plentiful, and is clear and unstrained. In some instances it has a 
poikolitic relation to several plagioclase crystals. 
Of the dark min�rals, biotite occurs in greatest amount. It forms large 
euhedral crystals, and Irregular crystals intimately associated with plagioclase and 
quartz. Some is associated with hornblende, and there appears to be a gradual 
change from normal green hornblende, through a green mineral with a habit similar 
to that of biotite, to normal biotite. The biotite is fresh and of a straw yellow 
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colour, and is pleochroic from this colour to  olivaceous black. There are a few 
inclusions of magnetite grains, but no pleochroic haloes. 
Hornblende occurs in irregular crystals intergrown with quartz and plagioclase. 
There is more magnetite associated with it than with the biotite. It is pleochroic 
from yellowish-green to deep green. 
Perfectly formed little prisms of apatite are plentiful. They are mostly present 
in quartz where this mineral is associated with the ferro-magnesian minerals . Here 
the apatites cluster together in groups of three or four crystals. Single crystals 
are included in some of the plagioclases. 
(ii)' The rock outcropping near the main road between Blackbutt and Nukku, 
near Portion 32V, Pa1ish of Taromeo, is similar in texture and grain-size to the 
rock just described, but it is darker in colour (931) .  
The plagioclase, twinned on the albite and pericline laws, varies in composition 
from Ab50 to Ab60• Most crystals are zoned. 
Quartz occurs in anhedral crystals, some of which show shadowy extinction. 
Biotite, in fresh, well-developed crystals, is more plentiful than hornblende, 
with which some of the biotite is in continuous growth. The hornblende occurs in 
green and brownish-green crystals, some euhedral, others corroded. There may be 
intimate mixtures of hornblende and biotite, with magnetite, or biotite and horn­
blende may occupy opposite ends of a crystal. Plagioclase in some cases gives 
shape to these mixed ferromagnesian crystals. One crystal of biotite totally 
encloses a crystal of andesine, Ab56 . 
Apatite occurs in small amount. A crystal of zircon occurs included in 
plagioclase. 
(iii) In the large outcrop of massive rock exposed in the bed of Diggings Gully 
near wht:>� it j oins Yarraman Creek (in the Gold Field Reserve) there are only a 
few xenoliths and the rock (933) is coarse-medium in grain-size, and generally 
similar to that described in (i) . The xenoliths, it may be noted, have an alignment 
in a direction about north 320° east. 
The plagioclase is fresh and shadowy in extinction, and the quartz is granular. 
Biotite occurs in large crystals and in smaller flakes associated with green hornblende . 
A little blue tourmaline is present. Apatite and magnetite occur in the usual 
accessory amounts. 
These rocks, then, representing the " purest " type of the tonalite,  are sod::t.­
tonalites (Shand, 1943, p. 247). 
An interesting variant occurs in the Camping and Water Reserve, R139, Parish 
of Cooyar, near the junction of Cooyar and Yarraman Creeks. This rock contains 
opalescent blue quartz. The rock (934) is otherwise similar to the " normal " 
type in macroscopic features. The plagioclase is andesine, about Ab50 to Ab60 ; 
the crystals are variable in size, and some are broken. The quartz shows shadow 
extinction, and some is granular. Hornblende, yellow-green or green, shows an 
unusual number of twinned crystals. Some of the crystals are intimately associated 
with biotite ; others show sieve structure. Biotite occurs as large flakes, some of 
which are bent, or in smaller flakes in criss-cross intergrowth with hornblende. 
.; 
0 ... .. c "1:1 · ­.. f " 
.:=. c C D 
: ·;;; · - .. � c .... 
� � 0 0 c t 
� �  
22  THE PETROLOG Y of tk"e ER UPTI VE ROCKS of the YARRA MA N DISTRICT 
Magnetite and apatite occur in accessory amount .  Most of the minerals, then , 
show strain phenomena. 
Consideration will now be given to the less homogeneous types in relation to 
contacts (where the contacts have been observed) . 
(b) The tonalite in relation to the Gilla Andesites. 
(i) The main road cutting near Gilla. 
This big cutting, recently excavated, is one of the few cuttings of any size 
in the district, and fortunately it has exposed a contact of the tonalite with the 
andesite. A diagrammatic representation of the cutting is given in Text Fig. 16 . 
< .. > 
• c 0 .. 
i , 
u 
N ormal . ty� Ande;ite , Altered . 
Blpckb!l!t ... 0 I 2 3 metres Yorramgn 
Sea l e  A p  p rQlt. 
FIG. 1 6  
\Vorking from the tonalite to  the andesite there are : First, deeply weathered 
tonalite, with a few boulders of fresh rock of medium grain-size . There is a pro­
nounced parallelism of the dark minerals, approximately in line with the direction 
of the contact . This rotten rock is cut by numerous veins of quartz and by veins 
of bright orange stilbite crystallised in sheaves several centimetres long. · 
Nearer the contact the rock is streaky, due to the development of numerous 
thin chlorite stringers. Here there is a quartz vein with limonitised pyrites and 
basic copper carbonate. 
The " tonalite " within about a metre of the contact is medium-grained and 
dark grey, the dark colour being due to alteration and not to assimilation (889) . 
The plagioclase is nearly all kaolinised, though some still shows faint twinning 
and zoning. The quartz extinguishes undulatorily. The ferromagnesian minerals 
are much altered to chlorite and magnetite ; most was apparently originally biotite . 
Apatite is plentiful in some of the quartz crystals. Very fine stringers of chlorite 
cut the section. 
�ext to this is a zone of iron-stained, altered, crushed rock, with small areas 
of slickensiding. This seems to be altered andesitic material. 
A remarkable light greenish-grey rock follows. This has very contorted flow­
banding, and abundant small (I millimetre) cubes of pyrites. The rock is composed 
... 
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mostly of kaolinised felspar and fine quartz (890) . Associated with one chlorite­
magnetite aggregate in this section are very small round crystals of higl1 relief 
giving high order interference colours-probably zircon. 
This rock is succeeded by an andesitic breccia with inclusion of all shapes 
and sizes, up to about thirty centimetres across, of the common porphyritic andesite ,  
set in a fine blue-grey base. Usually these inclusions can be easily broken apart 
from the surrounding fine base material, so that there can have been no fusion . 
In section (89 1 )  the matrix shows flow-banding, the bands being defined by streaks 
of fine magnetite grains. Between these layers is a heterogeneous aggregate of 
mineral fragments-sericitised felspar, penninite, magnetite aggregates, quartz 
grains (some showing shadow extinction) , and very fine-grained aggregates of quartz. 
The material of the inclusions has been much altered by hydrous fluid. This 
breccia continues for about 13 metres, and the included fragments become smaller 
away from the contact . After another small crush zone, the normal andesite 
(somewhat kaolinised and chloritised) occurs. 
This cutting has been described at some length because it yields the following 
information :-
(a) The tonalite here was injected in an almost solidified state. 
(b) Although the andesite was broken up, there is no evidence of mechanical 
incorporation of any of it in the tonalite. 
(c) There was considerable alteration due to water-rich fluids ; the flow 
of the now contorted rock might have been due largely to this factor. 
(d) Rare minerals characteristic of granitic (,":Ontacts are ab3ent .  
The most disturbing question i s  : what became <::>f the ande3ite ? 
(ii) The railway cutting at Nukku. 
Near the Nukku school is another cutting showing an andesite-tonalite contact . 
The andesite here is surrounded by the tonalite and in view of the relationship it 
appears to be a roof pendant or a block which has not sunk far. The tonalite 
here is coarse grained, and within this cutting varies from a grey type with little 
relief to the " normal " speckled, light coloured rock. 
Section (900) , made from the lighter rock, shows quartz (not showing strain) , 
plagioclase, hornblende, biotite, magnetite, epidote and apatite. The plagioclase 
mostly shows the vague, shadowy zoning characteristic of this Tonalite. Green 
hornblende is the dominant ferromagnesian mineral present, occurring in irregular, 
ragged fragments which are clustered together, or in larger crystals whose boundaries 
are much embayed by quartz and plagioclase. With the aggregated crystals 
magnetite and biotite are intimately associated. The biotite occurs as small irregular 
flakes near the hornblende, from which it appears to have been derived. 
Near this is a granitic rock which from microscopic examination (944) seems 
to be a hybrid. In a fine grained base of quartz (showing shadow extinction) are 
set crystals of andesine, some badly kaolinised. The ferromagnesian content is 
made up of small ragged crystals of biotite and green hornblende which aggregate 
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FIG. 1 7  
FIG. 1 7-Taromeo tonalite from the railway cutting near Nukku school. A ferromagnesian 
mineral clot, with biotite and hornblende intimately associated, and some hornblende embayed 
{x 20) .  . 
in trains, and these trains flow around the plagioclase crystals. The andesine may 
have been mechanically incorporated in this rock from broken-up andesite . 
Inclusions in the tonalite in this cutting are of two types :-
(a) Small dark rounded inclusions, usually less than 10  centimetres across, 
made up of a fine-medium grained, even-textured rock with a large proportion of  
ferromagnesian minerals. In section (903) the rock appears very fresh. The 
ferromagnesian minerals are irregular and somewhat ragged in shape, and are 
strewn in all directions throughout. Hornblende and biotite are present in approxi­
mately equal amounts and are in intimate association . The hornblende is pleochroic 
from yellow-green to dark green, and the biotite from straw yellow to olivaceous 
black. The other minerals present are quartz, plagioclase (about Ab64) , magnetite 
in small grains, apatite (some small patches are especially rich in apatite prisms) 
and a little tourmaline. The tourmaline may indicate derivation from schist material . 
(b) Dark greenish-grey schlieren which are numerous (but in this limited area 
only) . The schlieren have ill-defined margins ; some are merely networks of dark 
material in the tonalite. They are a matter of a few centimetres thick. The 
ferromagnesian minerals of the adjacent tonalite are aligned parallel to the length 
of the schlieren. Next to the contact with the andesite one of the schlieren is 
truncated and fractured. The schlieren therefore must have been in the rock 
before it reached its present position. In section (904) there are streaky areas of 
clear, grey, and dark minerals. The clear areas are composed of quartz mosaics 
showing some shadow extinction ; the quartz rarely includes other minerals. The 
grey streaks, which are the pro�inent green bands of the hand specimen, are made 
up of grey and pale greenish grey irregular crystals of augite similar to that occurring 
in the contact zone of the Yarraman granite with the andesite ; magnetite, which 
is very abundant, occurring in very small crystals and grains ; quartz grains forming 
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an interstitial groundmass ; and a minor amount of kaolinised felspar, a few biotite 
crystals, and a little sphene and epidote. The dark areas are aggregates of biot�te, 
green hornblende and magnetite, and these are the ferromagnesian minerals of the 
tonalite. These schlieren appear to be altered sheets of andesitic material ; despite 
their elongate form they show no signs of being originally schistose material. The 
contact augite and epidote are both present, and tourmaline is absent. 
If the schlieren represent altered andesitic material, it must have entered the 
tonalite at a lower stage, for the contact with the andesite here is very sharp. In 
fact, the coarse tonalite can be easily broken off from the andesite. There has 
been very little alteration of the andesite, except for the formation of hydrothermal 
minerals-chlorite and magnetite from the augite, kaolin from the felspars, and 
a little pyrite (905) . Elsewhere in the andesite, and in the tonalite, epidote is a 
common alteration product.  
In this cutting, as in the Gilla cutting, the evidence shows that the tonalite 
was emplaced in a nearly crystallised state, but before all the volatile constituents 
were expelled. Also, there is evidence for minor contamination by andesitic material. 
(iii) On the Ten Chain Road near the south of Portion 58V, Parish of Cooyar, 
there are outcrops of a dark diorite modification near the andesite contact. This 
is a fresh looking, holocrystalline hypidiomorphic rock (938) made up mostly of 
plagioclase with very little quartz. Most of the plagioclase crystals are subhedral 
and rectangular, and many show combined Carlsbad-albite twinning ; this together 
with the composition andesine Ab55, makes it likely that these crystals were derived 
from andesite. Others of the plagioclase crystals are more equidimensional, and 
feebly zoned. Large crystals of augite occur ; most of the original augite, however, 
is now represented by pseudomorphic uralite. Developed within the uralite, and 
conforming \_¥ith the direction of the uralite fibres, are fine flakes of biotite .  In 
some of the uralite the biotite has formed larger crystals. A few subhedral crystals 
of hornblende are present.  Also present are some rounded, fresh grains of augite 
enclosed in the plagioclase ; these differ in appearance from the larger crystals, and 
are similar to those formed in the basification processe� as described for the Yarraman 
granodiorite-andesite contacts. 
The quartz is not strained and is interstitial. Magnetite is mostly associated 
with the uralite. A few crystals of apatite are present. 
This rock seems to have been formed as result of changes on the andesite, 
and differs from all the other tonalite-andesite contact rocks in being homogeneous. 
As there are only a few boulders outcropping, it is impossible to say how far the 
homogeneity extends. Basification has occurred, forming granules of augite ; and 
other augite has been changed to hornblende and biotite .  The first change is 
represented in a few crystals only, and it is likely that these crystals were 
incorporated mechanically. Augite was being made over to biotite until the change 
was stopped by loss of energy ; the granules of augite were protected from this 
change by the enclosing plagioclase. 
Near the eastern boundary of Portion 49V, Parish of Cooyar, on the Ten 
Chain Road, there is an unexposed contact of the tonalite with andesite . There 
are, however, some boulders of a dark greenish grey modification of the tonalite . 
This is a coarse-medium grained rock (940) , with plagioclase ranging from Ab55 
and Ab60 the most plentiful mineral constituent. Quartz is a minor constituent.  
Hornblende makes up the most of the ferromagnesian mineral content ; most of 
it occurs in irregular corroded crystals, some with sieve structure. With it is 
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associated magnetite and some small grains of grey augite, and a brown fibrous 
mineral similar to biotite, but which is only faintly pleochroic. Several large 
crystals of apatite are present. 
(iv) In a gully near Cooyar Creek, in the south-west of Portion 10, Parish of 
Taromeo, there is an interesting contact of andesite and tonalite rock. The andesite 
near the contact becomes fine-grained, hard, and closely and regularly jointed. 
This rock (1016) is composed of a fine cloudy base in which are set irregular areas 
of dark minerals. The rock shows hydrothermal alteration, resulting in the forma­
tion of abundant epidote. Original phenocrysts of plagioclase are now very fine 
quartz-kaolin-felspar pseudomorphs. Quartz grains including perfect little crystals 
of epidote occur. This rock is cut near the contact by a mottled grey-green and 
white dyke rock (1017) .  This likewise shows hydrothermal alteration. The light 
coloured areas are of quartz and kaolinised felspar. This material has carried small 
pieces of andesite, which now show a marked flow structure. Epidote is again 
well developed, especially in the altered andesite, where some fibrous uralite also 
occurs. The granitic rock here (1018) is medium grained, and irregular in texture. 
As with the other rocks here, it shows hydrothermal alteration. The felspars are 
mostly kaolinised in part ; one was determined as andesine, Ab65. Quartz is plentiful 
and very variable in grain size. Most of the ferromagnesian minerals are chloritised. 
They occur mostly in small ragged flakes around the larger quartz and felspar 
crystals. There are a few larger aggregate grains of biotite, green hornblende, 
epidote and magnetite. 
(v) In only one area was any granitisation of andesitic material seen. This 
was near the contact in the south-east of Portion 41 V, Parish of Cooyar. The 
" �ranite " hereabouts, along Cooyar Creek, is different from the usual grey tonalite, 
as it is of a general pink colour, and is conspicuously porphyritic with phenocrysts 
of andesine, Ab58, and some large rounded phenocrysts of quartz, much embayed 
and corroded (1019) . One plagioclase crystal · is partly altered to epidote and 
kaolin. The ferromagnesian phenocrysts are of green hornblende and biotite, 
usually associated with one another, and with magnetite and chlorite. The ground­
mass in which these crystals are set is a medium-fine, equigranular, hypidiomorphic 
mass of quartz, felspar (mostly kaolinised) , and a little hornblende and biotite.  
This granitic rock shows evidence of hydrothermal alteration, and it is therefore 
strange that the andesite contact (see below) should show evidence of granitisation 
without the common hydrothermal characteristics. 
The granitised andesite (995) is made up of a fine granitic base in which are 
set subhedral crystals of plagioclase and irregular inclusions rich ferromagnesian 
minerals. The plagioclase inclusions are of oligoclase-andesine, Ab60. The dark 
patches, appare:r:tly the remains of andesite, are rich in biotite particularly with 
also hornblende and magnetite dust. Crystals of apatite are plentiful in parts .  
There i s  no  great extent o f  this partly granitised andesite, however. 
(vi) Along the contact zone in the east of Portions 40V and 41 V, Parish of 
Cooyar, there is yet another contact phenomenon, for between the tonalitic rock 
(1019) type and the andesite there outcrops a fine grained quartz porphyry, and 
in the andesite itself dykes of fluidal rhyolite are common. This cannot be explained 
in terms of the unusual granitic rock, for with the contact of tonalite and andesite 
near Ulampa Creek there is a similar occurrence. Between outcrops of normal 
tonalite and the andesite there are numerous small boulders, grading from aplite 
near the tonalite, through porphyritic rhyolite, to fluidal rhyolite .  It is the fluidal 
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rhyolite, mostly, which intrudes the andesite, and, in so doing, thoroughly churns 
it up. No granitic veins were seen intruding the rhyolite or andesite, so that 
it appears that here, as in the 40V and 41V contacts, the rhyolitic rocks were 
directly derived from the tonalite at the margins. Small (50 centimetre) dykes 
of fine felsitic rock cutt he tonalite in places in these zones, but all the rhyolitic 
material could not have been later . than the tonalite, or else some tonalite­
andesite contacts would surely have been seen. It will be recalled in the section 
on Other Volcanic Rocks it was mentioned that tonalite seemed to grade into 
rhyolite. Here no gradation occurs, but the evidence points to the same result 
-a derivation of rhyolite from tonalite. 
(vii) Other Andesitic Masses surrounded by Tonalite. Several small outcrops of 
andesitic material surrounded by tonalite were observed in the field ; but owing 
to the nature of the outcrops the details of the contacts were not investigated. 
(a) In the north-central part of Portion 20V, Parish of Cooyar, about 0 .8  
kilometres south-east of  Gilla, there is  an outcrop of  grey porphyritic rock sur­
rounded by tonalite . The outcrop has a north 245° east trend. The rock appears 
to be all of the same type and there is no intrusion by granitic or quartz veins. 
The rock (918) has numerous phenocrysts of plagioclase, fresh and with corroded 
edges, to very altered crystals with irregular indistinct outlines. The composition 
varies from Ab46 to Ab62. Augite occurs in euhedral to subhedral crystals, smaller 
than those of the plagioclase, and it is fresh or more or less uralitised. Magnetite 
in crystals or grains is widespread. Small grains of sphene occur with these 
minerals, which are set in a cloudy base containing interstitial quartz. This rock 
in the hand specimen looks like a hybrid, but microscopic examination shows little 
granitic material. 
In the road cutting nearby (and at a lower level) the tonalite is streaked by 
a dark greenish grey material. Kaolinised felspar and angular, shadowy quartz 
are jumbled up in a fine grey-green base (950) , as though a mechanical mixing of 
nearly solid material had occurred. Epidote and chloritised biotite are plentiful 
in the more granitic part of the section, and there are numbers of fine hair-like 
inclusions, which may be actinolite, in the quartz. 
(b) In Portion 106, Parish of Taromeo, opposite the j unction of Nora Gully 
and Cooyar Creek, the tonalite and andesite are closely intermingled. The tonalite 
here (951) is streaky and has abundant epidote. The felspars are all kaolinised, 
and the quartz is granular, with a tendency to shadow extinction. Aggregates of 
actinolite fibres, partly chloritised biotite ,  epidote ancl magnetite m3.ke up the dark 
patches . .  A few subhedral crystals of hornblende are present. 
Although actual contact between the tonalite and andesite cannot be seen 
· (the rocks outcrop in boulders only ; there are no cuttings here) , the changes from 
the andesite to tonalite can be seen . The andesite becomes dull and grey-green, 
and epidote is plentifully developed. Next to this is a mix rock with quartz veins, 
dark stringers and abundant epidote. The modified tonalite described above (951 )  
occurs near this, and it  in turn grades into more normal tonalite with no inclusions, 
streaks, or any sign of contamination. The change takes place over ab:):Jt twenty 
metres. 
Outcrops such as this are fairly common, and the phenomena are all similar. 
In fact, in the field, the development of a greenish streakiness, together with the 
development of epidote, is a sure indication of the presence of an inclusion of 
andesitic material, or the nearness of some of the andesitic contacts. 
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At the Ashington mines (in Portion 58, Parish of Taromeo) , there is a thin 
layer of altered andesite capping a ridge of tonalite. From the spoil heap at one 
of the shafts, specimens can be obtained to show the effects of the intrusion of the 
tonalite on the andesite . Section (942) is cut from a hand specimen which appeared 
to be a hybrid of the two rocks. All the felspar has been kaolinised and sericitised ; 
and the ferromagnesian minerals (except for a very little biotite) have been con­
verted to epidote, chlorite and magnetite. Quartz occurs in grain size typical of 
the tonalite (showing shadow extinction) , and in very small granules throughout 
the products of alteration. Stilbite is abundant ; it forms veins in both the altered 
andesite and the tonalite. Slickensided surfaces occur. Some of the andesite has 
been broken up by quartz to form a breccia. Malachite and azurite occur ; values 
of gold, silver, copper and zinc have been reported by Ball (1912) . 
Near the Fifteen Chain Road in the south-west of Portion 58V. Parish of 
Taromeo, is an outcrop of andesite with which the tonalite shows an unusual 
contact relationship. The tonalite near the andesite grades into a dark modification. 
This is a coarse-medium grained rock (941) ,  much altered. The most striking 
feature about it is the abundance of magnetite. This has replaced much of the 
biotite along cleavages, so that there are parallel bands of very fine magnetite 
grains and biotite. Other ferromagnesian minerals, probably hornblende and 
chlorite, have been more or less replaced, and it also occurs along fractures in the 
plagioclase. Throughout, it occurs in extremely fine grains and never in larger 
crystals. Some of the crystals of biotite and plagioclase are twisted. 
The altered andesite (946) next to this is made up of irregular blobs of green 
material set in a fine grey-brown base. The blebs are made up of fine chlorite 
and magnetite, with some ragged biotite crystals and quartz. The groundmass is 
a fine aggregate of quartz, kaolin, biotite and magnetite. 
Towards the middle of the andesite block the rock is less altered. Long thin 
crystals of plagioclase are set in a fine grained crystalline groundmass (94 7) . The 
plagioclases are all partly kaolinised, though some show sufficient twinning to be 
determined as Ab50 .  The ferromagnesian mineral aggregates are made up of green 
hornblende crystals with some quartz and magnetite ; these minerals appear to 
have resulted from alteration of augite, grains of which in a few cases still remain. 
The groundmass is made up of tiny crystals of plagioclase, green hornblende, 
biotite, quartz and magnetite. The freshness and degree of crystallinity of these 
minerals is in contrast with the cloudy base usually seen in the andesites. 
Summary. 
There are three common types of contacts b�twe�n the tonalite an:i the 
andesite : 
(a) An intrusive contact where there was very little rea':tion ; the grain size is 
constant up to the contact, and the contact is more or le33 sharp. 
(b) There was some mixing of the andesitic material with the tonalite, but 
this must have occurred at a late stage in the mag.na's co::>ling, for rcaction3 have 
produced hydrothermal alterations (giving rise to epid::>te, chlorite an:i other 
minerals) . This mixing was on a small scale only, so that such contamination is 
insignificant. 
(c) Between the aP'iesite and the tonalite rhyolite formed, and t he rhyolite 
intruded the andesitP.. while the tonalite itself remained practically unaltered .  
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(c) The Tonalite in Relation to the Brisbane Schist Series Rocks. 
(i) Along the road leading in a general south-westerly direction from Gilla the 
metamorphosed rocks of the Brisbane Schist Series can be followed from the contact 
with the tonalite to where they grade into typical Bunya Phyllite near Granite 
Creek. 
A weathered contact is exposed in a small road cutting about 0.8 kilometres 
from Gilla. Here a contorted fine-grained biotite schist has been intruded by the 
tonalite. No lit-par-lit injection was seen. Near this contact there are in the 
schist thin pegmatitic veins with felspar, quartz, tourmaline and muscovite. Graphic 
_granite occurs at the corner of the road, in the central western part of Portion 13V, 
Parish of Cooyar. 
FIG. 1 8  FIG. 19  FIG. 20 
FIG. 18-Phyllite from near Granite Creek (925) .  Quartz, biotite, and carbonaceous 
material (x 20) . 
FIG. 1 9-Biotite schist west of Gilla (927) .  Quartz and biotite (x 20) .  
FIG. 20-Hornfels from the north-west of Portion 49V, Parish of Cooyar (972 ) .  Quartz, 
hornblende and magnetite (x 20) .  
The biotite schist occurring here is characteristic of the contact with the 
tonalite, and similar rock occurs in other localities. It is a fine-grained rock (927, 
928) made up mostly of quartz and biotite (Text Fig. 19) . The quartz is granular, 
and nearly all of it shows shadowy extinction. The biotite is abundant, occurring 
in fresh, ragged, elongate crystals, pleochroic from yellowish brown to black. There 
is a marked linear arrangement of the flakes. Also present in small amount are 
finely twinned plagioclase grains, magnetite and tourmaline. The tourmaline is 
always associated with the biotite, and is pleochroic from yellowish brown to blue. 
Ball (1918) noted that above the granite in the Wondai area there was developed 
in the slates a " banding due to the separation of a dark micaceous mineral. "  
A little t o  the south-east of this occurrence is a prominent hill (in Portions 
12V and 13V, Parish of Cooyar) , which is made up of quartzite. Some of this 
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shows a layering or banding, and it is apparent that it is a replacement of a schist, 
or an originally siliceous rock belonging to the Schists series. A little to the west 
the tonalite outcrops again, and here it is cut by numerous aplitic and quartz-rich 
veins. There is a linear orientation of the ferromagnesian minerals. In a gully 
here, draining from the quartzite hill to Cooyar Creek, is a tough hornfels, siliceous 
and blocky, with jasperoid patches. Similar quartzite occurs to the north in 
Portion 107V, Parish of Booie, where it also shows layering and some contortion . 
Smaller outcrops of quartzites and large masses of vein are never far from granitic 
rocks. The larger of these outcrops to the north of Nanango are thought to be 
silicified representatives of the Schist Series. 
South-west from here, there is a gradual change from the biotite schist to the 
normal phyllite. 
This is the only part of the area where such a change from biotite schist to  
phyllite can be observed. The metamorphism of  the phyllites i s  characterised 
by the formation of :-
(a) a fine biotite schist, 
(b) tourmaline, 
(c) graphic granite. 
The importance of these changes will appear later. 
(ii) In the Diggings Gully-Peach Creek area are smaller isolated outcrops of 
schistose rocks and hornfelses which are considered to have belonged to the Brisbane 
Schist Series. 
The biggest of these outcrops is situated in Portion 44V, Parish of Cooyar, 
near the Five Chain Road, on the border of the area chosen for this thesis. There 
are no cuttings here to show sections of contact, but fortunately boulders are 
plentiful . 
The rock nearest the tonalite on the western side of this outcrop, near the 
telegraph line, is a biotite schist similar to that at the contact near Gilla. This 
forms small flaggy outcrops standing vertically and striking north 320° east. As 
with the rock near Gilla, quartz and biotite make up most of the rock (894) . 
Finely-twinned plagioclase is more plentiful, as is tourmaline. Apatite is an 
important accessory, and several small crystals of zircon also occur. 
Further up the slope is iron-stained quartzite and a small amount of a fine 
grained schist containing larger flakes of muscovite (895) . Beyond this the biotite 
schist outcrops again. 
On the south-eastern side of this schist block the north 320° east strike is 
lost, and blocks lie in all directions and are mixed up with boulders of tonalite .  
Here there are examples of all stages of metamorphism of the schists. These are : 
(i) A rock with alternating biotite-rich and quartz-rich layers ; this may be 
a result of small-scale lit-par-lit injection of partly altered schist . 
(ii) Fine grained schist as already described (894) . 
(iii) A fine dark compact hornfels, in the hand specimen evidently quartz rich. 
This rock (893) is very similar in mineral composition to the biotite schist (894) (ii) , 
except that magnetite is here the most important accessory mineral. There is no 
apparent orientation of the biotite flakes, although the quartz shows strain. This 
rock occurs as small xenoliths in the tonalite. 
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(iv) The most plentiful of the inclusions in the tonalite appear in the hand 
specimen to be midway in structure between the biotite schist (ii) and the hornfelsic 
rock (iii) . These are fine grained and speckled due to ferromagnesian minerals, 
quartz and felspar. Many show signs of a schist origin, for they are long and 
tapering at each end, and there is a marked layering of the minerals. In some, 
fine grained quartz-felspar rich tongues have wedged these layers apart. Many 
orthoclase-rich veinlets cut the tonalite near these xenoliths .  
(896) , cut from one of these inclusions, shows a fine-grained holocrystalline 
rock rich in ferromagnesian minerals. The average grain-size is about 0 . 1  millimetre . 
Green hornblende and thin flakes of biotite occur in about equal amounts. These 
minerals are commonly intimately associated. Plagioclase and quartz are present 
in about equal amount. The plagioclase shows shadowy zoning ; one unzoned 
crystal is of oligoclase-andesine. Little prisms of apatite are abundant in some 
parts of the section. Small crystals of tourmaline are associated with biotite. 
(897) was cut from an inclusion which was more irregular in shape, and which 
had been penetrated by granitic material. The most striking features are the 
better developed crystal outlines and the increased amount of felspar. Quartz 
and biotite still make up most of the rock. The biotite is pleochroic from pale 
yellowish-brown to olivaceous black, and occurs in rectangular, subhedral flakes . . 
The plagioclase is andesine, Ab65, fresh, and in crystals of square sections. The 
accessories are tourmaline, magnetite, apatite and zircon. In this section linear 
orientation of the biotite is still prominent . 
The tonalite surrounding this inclusion is similar in composition, except that 
a few crystals of hornblende occur. The plagioclase is again andesine, Ab65, but 
the crystals are rectangular in section. Small crystals of apatite are plentiful 
about the biotite crystals. There are faint pleo:hroic haloes about some very 
small inclusions in the biotite. 
(v) Before considering the tonalite which surrounds this schist block, further 
stages of alteration will be noted. In the west of Portion 49V, Parish of Cooyar, 
there outcrop on the surface numerous sm::tll blocks of a dark greenish-black hornfels . 
With this is associated graphic granite and tourmaline pegmatite. 
The hornfels is seen in section (972) to be made up of quartz and hornblende , 
with smaller amounts of magnetite and plagioclase, Text Fig. 20. The grain size 
is fine, though variable, especially in the hornblende, which is mostly granular. 
Near this hornblende hornfels is another hornfels representing a further change 
in the alteration. This is a fine dark rock, containing a reddish brown mineral 
of high refractive index. In section (974) it is seen to be a fine grained rock of 
irregular grain-size part of the section showing a banded structure. The rock is 
composed of green diopside and yellowish-brown spinel in about equal amounts, 
with a little of quartz and muscovite. The spinel, with its yellowish-brown colour 
in section, refractive index greater than 1 .78, appears to be the iron-magnesia spinel, 
ceylonite. It occurs in granules and irregular areas enclosing the diopside. 
(vi) The tonalite surrounding this schist block has the ferrom::tgn�sian minerals 
in oriented tabular or discoid clots, and inclusions are common. The inclusions 
show all gradations from biotite schist to granitic textured rock. Where there are 
quartz veins cutting the rock there are always large inclusions. 
The rock here (936) is made up of plagioclase, quartz, biotite, hornblende and 
accessories. The plagioclase is intermediate andesine and most crystals are partly 
clouded. The twinning is not clearly developed ; many crystals are zoned. The 
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quartz is mostly of a finer grain size than the plagioclase, and much of it fills the 
interstices between plagioclase crystals. Shadow extinction is shown by most of 
the quartz crystals. Biotite and hornblende are mostly associated in drawn-out 
aggregates and trains. The biotite occurs in matted rectangular flakes of varying 
size. Hornblende occurs in larger crystals which are embayed or with sieve 
structure, or in irregular small patches mixed in with the biotite flakes. The 
biotite is pleochroic from yellowish-brown to almost black, and the hornblende 
from yellowish or greenish brown to deep greenish brown. Although the quartz 
shows evidence of crushing, yet none of the biotite flakes show any twisting or 
breaking. 
In the Diggings Gully tributary at a lower level below this outcrop, the biotite 
occurs in platy crystals, and there is less clotting and orientation of the ferro­
magnesian minerals. But these latter features reappear in the higher levels in 
the Gold Field Reserve. It is suggested, therefore, that the intruding " magma " 
broke up the hornfels into the smaller discoid aggregates ; these, at depths, were 
recrystallised and the hornblende made over to biotite, which crystallised in large 
flakes. 
The Pegmatites. 
In Portions 44V, 45V, 48V, and the Goldfield Reserve, Parish of Cooyar, 
pegmatites outcrop plentifully as small boulders on the surface. Ball (1906) wrote 
of the pegmatites of the Seven-mile Goldfield : " Tourmaline pegmatite dykes are 
a very characteristic feature of this field, especially west of the road. Gold has 
not actually been proved in any of the crops, but on the western side of Diggings 
Gully, above Callaghan's Gully, gold has been proved in the debris from one dyke." 
Many of the outcrops of the pegmatites indicate that they are dykes, but as 
there are no sections there is no knowledge of their vertical extent. The outcrops 
are for the most part in tonalite, but others occur with basified Schist . The contact 
relationships of the larger pegmatites and the country rocks are unknown owing 
to the nature of the outcrops ; however, in some boulders small pegmatite dykes 
and veins (up to about 30 centimetres) cut the tonalite . These veins and dykes 
are usually of fine aplitic material along the margins, grading into coarse pegmatite 
in the middle. There is a sharp boundary between the aplitic rock and the tonalite 
with no sign of any replacement of the tonalite by the later minerals. This dyke 
form in small developments may indicate a dyke form for the larger bodies. 
The boulders of some outcrops lie in lines striking north 330° east, i .e . ,  roughly 
along the line of strike of the Schists. As has already been noted, the occurrence 
of many of the pegmatite masses here is associated with Schist rocks. This also 
holds for the contacts of the tonalite and the Schists near Gilla, where sm3.ll 
pegmatite veins and graphic granite occur. 
The pegmatites are mostly of graphic granite, and as is usual with such rocks, 
there is considerable variation in grain size. On a basis of mineral content the 
pegmatites can be divided into two types-simple graphic granite, and m::>re 
complex pegmatite. 
The simple type of graphic granite (898) is composed entirely of quartz and 
felspar, beautifully intergrown in runic pattern. The felspar is orthoclase and 
finely twinned oligoclase, Ab75 . The quartz is shadowy in extinction. 
The simple graphic granite grades into the complex type . In the hand­
specimen this change is indicated by the appearance of black tourmaline. The 
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graphic structure may remain, as in (994) , cut from a specimen with creamy felspar, 
quartz and coaly black tourmaline. The felspar is microcline and albite. The 
former occurs in irregular patches, and it has been partly replaced by the albite, 
which predominates. Quartz occurs in graphic intergrowth, and also in a later 
generation of irregular grains with random orientation. In the small veins cutting 
the tonalite terminated crystals of tourmaline are more common. Crystals of red 
garnet also occur in these veins. 
In the most complex types the structure is very variable. The graphic inter­
growth is, for the most part, absent. The tourmaline is an important constituent, 
although in a specimen ten centimetres across one side may be quite black while 
the other side is almost free of tourmaline. 
In (899) , made from a specimen of the complex pegmatite, the felspars are 
orthoclase, microcline and albite. The orthoclase and albite are in perthitic inter­
growth. Microcline grids show in some of the orthoclase. Albite also occurs in 
thin veinlets. Quartz is shadowy and mostly granular, with a few patches of 
remnant graphic intergrowth with the felspar. The tourmaline is mostly of a 
lavender-brown colour, and some of it is zoned. Some of the tourmaline is inter­
grown with quartz ; other crystals are cored by quartz and pink altered felspar. 
Crystals are not well developed. Muscovite flakes occur in thin vein-like patches. 
In one locality prismatic crystals of greenish-grey andalusite, usually partly 
sericitised, occur. The pegmatite in which the andalusite occurs is rich in quartz 
and contains little tourmaline . 
The change from simple graphic granite to graphic granite with microcline, 
albite and tourmaline, and the cores of felspar and quartz in some tourmaline 
crystals, indicates that replacement was important in the formation of the 
pegmatites. If the deposits were opened up evidence better than that at present 
available would doubtless confirm that the sequence of replacement was that 
deduced by Schaller (1926) , viz. : potash felspar, in";"ersion to microcline, a little 
perthite, quartz, albite, muscovite and then black tourmaline, followed by rarer 
minerals. 
On the old road from Taromeo to Nanango, near Portion R131,  Parish of 
Taromeo, there outcrop pieces of a coarse pegmatite made up of quartz including 
crystals of orthoclase and large aggregates of fine radiating black tourmaline crystals . 
Minor Intrusives Associated with the Tonalite. 
The dykes intruding the tonalite are similar to those which cut the granodiorite. 
Near contacts, especially with Schist rocks, aplitic dykes and veins are plentiful . 
Dark rocks such as that which cuts ihe granodiorite near Peter Creek also 
cut the tonalite in several places. Although these are associated with increase in 
epidote in the tonalite the effect is not so marked as at Peter Creek. 
In the tonalite outcropping near the Esk rocks there are dykes of a weathered 
felspar porphyry similar to those which intrude the nearby Esk Series. 
The ages of these minor intrusives is unknown, for they have not been seen 
in contact with any post-Esk rocks. 
Discussion. 
In this discussion the term " granitisation " is used as defined by Miss Reynolds 
(1946, 292) : " the process whereby a rock is changed in composition so as to 
approach more and more closely to that of the adjacent, or enclosing granite. "  
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Such a definition is eminently suitable for discussion of changes in cases such as 
this one where the granitic material was mobilised and injected. Whether this 
mobile granitic material was formed by a process of granitisation as defined by 
Read ( 1943) is unknown. 
It  has been shown that the tonalite had little effect on the " Gympie Series " 
rocks and, apart from widespread hydrothermal action, there was little effect 0 :1  
the Gilla andesites . Certainly, there was no noteworthy granitisation o f  either 
of these rock groups. 
The effect of the intrusion of the tonalite on the Brisbane Schist rocks was 
the formation of biotite schist and, with further change, hornblende and diopside 
hornfelses . The relationship is set out in the following table. 
Schist Inclusion 
Por. 44 V, Cooyar 
Diggings 
Gully 
Tonalite .  
Tourmaline pegmatite . 
Biotite schist . 
Numerous inclusions : some of micro-tonalite, others of hornfels, 
biotite schist. 
Tonalite with alined clots of ferromagnesian minerals. 
Tourmaline pegmatite .  
fNormal tonalite ; lustrous biotite flakes, and sieve-structure 
l hornblende . 
Schist Inclusion ( Tourmaline pegmatite . 
Por. 49V, Cooyar � Hornblende-quartz hornfels ; diopside-spinel rock. 
l Tourmaline pegmatite. 
Near Gilla fNormal tonalite .  
l Biotite schist ; some tourmaline pegmatite . 
Near Granite Ck. Bunya-type phyllite .  
Although there is  no one outcrop showing the whole of these progressive 
basification changes, yet from the evidence of pegmatite development and residual 
schist structure, there can be little doubt that these rocks regarded as " schist 
inclusions " were originally part of the Brisbane Schist Series. Whether they were 
all phyllite cannot be ascertained, but it is probable that the composition was 
fairly constant.  The rocks of the Brisbane Schist Series are extensive in south­
eastern Queensland. In  this area there are outcrops of Schists skirting the granitic 
rocks, and, �urrounded by granitic rocks: very much metamorphosed represent atives 
of the Series. There can be no doubt that sediments of the Series formerly extended 
south-south-east in the area now occupied by the tonalite. 
The first change due to the intruding tonalite , then, was a basification of the 
surrounding phyllite . How far this basification proceeded (mineralogically) is 
unknown . Apart from the small amount of diopside-spinel rock, the hornblende­
quartz hornfels is the most basified rock occurring in any significant amount .  The 
general occurrence of hornblende (most of which shows reaction structures) in the 
tonalite, and absence of augite, indicates that the hornblende-quartz rock was, 
generally, the rr:ost ba�ic rock formed before subsequent granitisation . Granitisation 
from less basified rocks (biotite-quartz hornfels) occurred, so that it is not necessary 
for ta�ification to proceed to a definite limit before granitisation can occur. 
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Associated with the homfelses and schists are later pegmatites which, however, 
do not occur at the andesite contacts. Towards the andesite the tonalite shows a 
low temperature intrusive contact, with or without hydrothermal alteration. The 
minerals of the schists and homfelses show no hydrothermal alteration such as the 
formation of epidote from biotite. 
With some of the andesite contacts there is a zone of quHtz p)rphyry or 
rhyolite margining the tonalite. These rhyolitic modifications do not occur with 
any of the pegmatite-type contacts. 
Depth of consolidation of the tonalite.-All the field evidence points to the 
conclusion that the tonalite solidified at no great depth below the surface . In 
summary this evidence is :-
(a) The tonalite intruded flow rhyolites and agglomerates, which show 
no signs of deep burial. 
(b) The tonalite is in part margined by fine quartz porphyry and in some 
places grades into rhyolite. 
(c) Mineralisation occurred in brecciated zones, and with these are 
associated zeolites . 
Unless the Yarraman granodiorite is considerably older than the tonalite, it, too, 
was intruded to a relatively shallow depth. Concerning the thickness of batholithic 
roofs, Daly (1933, p. 126) cites estimates given by a number of workers. The least 
value is that of Backlund, being 400 metres. In the Yarraman district there is 
no means of estimating the roof thickness, but it cannot have been great . 
There is, then, evidence for a magma intruded to relatively shallow depths. 
The effect on the country rock was of two kinds : a basifi.cation-granitisation ei'fcct 
and a hydro-thermal alteration effect. No conclusion can be reached as to the 
relative importance of granitisation in this area, i.e. , how much of the tonalite 
was formed as a result of granitisation of the Brisbane. Sshists. But using the 
granitisation hypothesis, certain other hypotheses can be made : 
After granitisation had proceeded to the stage in which the rock formed was 
a tonalite, this was mobilised (in part, at least) . This m:tgma was the m:tterial 
which intruded the andesite ; it was not, however, an actively differentiating magma, 
but merely a mobilised tonalite, well lubricated by fluids, mostly water. On 
crystallising, the hydrous material was largely released, giving rise to the wide­
spread hydrothermal alteration of the andesites. There was little more than water 
(with some C02) released, for the altered andesites were not truly propylitised, 
i.e. , sodic material was not active in the alteration. 
Although granitisation of the basifi.ed Schists proceeded to the stage at which 
tonalite was formed, yet it did not give rise to any true granite. However, later 
alkali-rich pegmatites cut the tonalite and homfelses near Schist contacts. These, 
then, appear to be residues of the granitising material. If so, it would be expected 
that they should appear mainly where they had been engaged in the granitising 
process. After mobilisation to form magma, at the low-temperature, near-surface, 
hydrous stage, the tonalite did not differentiate to give rise to late acidic products, 
so that pegmatites are practically absent from andesite contacts. Movement of 
the magma away from the granitising source may also have been a contributing 
factor. 
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In most of the area, although the Schists were basified and granitised, the 
andesites were not so affected, even though they must have been at a comparable 
topographic level . This may have been because the already regionally meta­
morphosed, schistose rocks were more permeable to the " emanations " than the 
massive andesites. Backlund ( 1 947) considers that the ability to survive granitising 
processes is in the following order (of increasing ability to survive) : (i) mica schist ; 
(ii) quartzite ; (iii) limestone ; (iv) basites ; (v) ores. I t  is to be noted, however, 
that the changes brought about by the tonalite on the andesite are different from 
those on the phyllite, even when the two types of country rocks were fairly close, 
and this suggests that the condition of the tonalite (as it was) was also a factor 
to be taken into consideration, as noted above . 
I f  the conclusion as to depth is correct there is less difficulty in explaining 
several otherwi:;e puzzling features. With the intrusive contacts with the andesite, 
and very little evidence of stoping, it appears that the overlying andesite was 
lifted bodily, and this uplifted andesite has been eroded away. Much of the Schist 
material probably met a similar fate. Probably the tonalite ·rose slowly, lifting 
its roof so that erosion kept pace, more or less, with the uplift . In such a way 
there is no great room problem. 
Although there is evidence that a certain amount of granitisation of phyllite 
occurred thNe is also evidence of forceful injection of ? magma which formed 
tonalite. There is no way, in this restricted study, of deciding whether the injected 
rock consolidated from _mobilised granitised material, or whether the granitised 
material was merely a local contact metamorphic effect . The only way to decide 
the importance of granitisation in the form1.tion of granitic rocks of the Brisbane 
Schist blocks is by extension of field work. 
Age of s?.licification of the Schists . 
In the Brisbane area it has been assumed that the silicification of the phyllites 
was due to the intrusion of granitic rocks. In the Yarraman district there were 
two post-consolidation occurrences associated with the tonalite : pegmatite formation 
and hydrothermal alteration. Nowhere is there any significant development of  
later quartz \·eins which might have acted as feeders to supply the veins of the 
country rock. The silicification , then , must have preceded the intrusion of the 
tonalite. From what follcws it appears that silicification was completed well before 
the tonalite was intruded. 
If, as it seems from evidence given above, the tonalite finally consolidated 
under a small roof cover, no appeal can be made to conditions of high temperature 
and high pressure to explain the transport of the silica in the veins . Nor can 
there have been any carbonate solution to allow of a di lute solution for there is 
no evidence of any carbonates with the quartz in the veins .  ( I t  will be recalled 
that in the transport of epidote-quartz-vein material carbonate was involved, and 
some of this was precipitated as calcite (see p. n) . 
It seems, therefore, that the silicification occurred at much greater d:? t :1 ,  
before the uplift o f  the material o f  the Brisbane Schists. The author docs riot 
venture to express an opinion as to how the silicification was brought abJut but  
at  a greater depth conditions woul d  be more favourable for the proc_ess . ( I t  is 
realised that some silicification was uused by the granitic ro::\ ;, but this .is co:-t ::i :1 :_ J 
to near the contacts . )  · · · 
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(d) The Tonalite in Relation to the " Gympie Series " Rocks. 
The contact of the Tonalite and " Gympie Series " rocks can be seen in cuttings 
along the railway line near the Taromeo Parish boundary, and on the main road 
in Portion 66V, Parish of Taromeo. Both exposures are poor, being small and 
weathered. In both there is a small development of aplites, and a few pegmatitic 
veins with tourmaline and muscovite. An unusual feature is the occurrence of 
pale yellow-green epidote with graphic granite. 
There is no increase in the number of xenoliths in the tonalite here ; those 
that do occur are mostly of indeterminate origin, being finer in grain size and 
richer in ferromagnesian minerals than the tonalite. Others are elongate and are 
apparently derived from the Schists. There is no parallelism of the ferromagnesian 
minerals of the tonalite, nor is there any marked change in grain size towards the 
contact . 
In the exposure on the main road there is, near the tonalite, a fine grey-brown 
micaceous shale. In section (888) this shows biotite enrichment, the biotite occurring 
in very small flakes with a poorly developed parallelism. Quartz and rounded 
sericite-kaolin aggregates make up most of the rock. The quartz for the most part 
shows no undulatory extinction. Small magnetite grains are plentiful. Some 
muscovite flakes and a few crystals of apatite occur. There are only one or two 
felspar crystals. 
Beyond this rock '(towards Benarkin) the rock is all very weathered. A short 
distance from the conta8t on the railway line there is a massive spotted grey rock, 
with prominent vertical joints. In the hand specimen the spots appear dark on 
a fine grey base, but in section (887) they are lighter in colour than the groundmass. 
These rounded spots are exceedingly fine grained, and appear to be composed of 
quartz and ? kaolin or ? sericite. (The rounded areas of (888) just described probably 
represent these spots) . The spots are set in a coarser (though still very fine­
grained) mass, apparently of similar composition. There are a few sulphide grains 
present throughout the rock. 
These changes, then, are very local, and cannot have had much influence on 
the composition of the tonalite . 
Outcrops of altered " Gympie " rocks occur on the road between Taromeo and 
Telah. Tourmalinisation is extensive here, but the manner of occurrence of the 
tourmaline is different from that in the Schist areas. In the altered tonalite it 
forms a fine mesh of stringers ; the felspars are dull and kaolinised, and there appear 
to be no ferromagnesifln minerals remaining. Elsewhere, the tourmaline occurs as 
numerous small grairis throughout a fine grained rock (which may have been 
originally of the " Gympie Series ") . This rock (929) is cut by veins up to 1 em. 
thick made up mostly of tourmaline, with some crystals of fresh oligoclase. The 
tourmaline forms fine radiating sheaf-like groups ; it is pale yellowish-brown to 
dark bluish-green in section, and strongly pleochroic in these colours. This difference 
in the occurrence of this mineral can be taken as further evidence that these rocks 
are not altered Brisbane Schist Series rocks, and probably belong to the " Gympie 
Series . "  
VIII .  THE COOY AR BASALTS. 
Basalt outcrops in many places in the area, but the best developments are 
to the west and north-west of Yarraman (the Cooyar Range) and to the south-west 
of Blackbutt .  Most of the basalt in_ these areas is covered by a thick layer of red 
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soil, already discussed. Isolated basalt cappings overlie the older rocks in many 
places. 
The common type of basalt is a fine-grained, even-textured holocrystalline rock 
(968) , made up of labradorite, augite, olivine and magnetite. The labradorite is 
in lath-shaped crystals, many of which are intergrown with augite.  The augite is 
all of the violet-tinted titaniferous variety ; its relationship to the labradorite is 
sub-doleritic, as defined by Krokstrom (1933) . The olivine occurs in rounded grains, 
or more rarely in finely granular nests or nodules. Most grains show some alteration 
to a yellow-brown pleochroic mineral which may be bowlingite or xylotile. 
Magnetite is plentiful, either as slender rods or irregular grains. The sequence of 
crystallisation was magnetite, olivine, labradorite, augite. Richards (1916,  p. 1 68) 
noted that this order was constant for all the basalts of south-east Queensland. 
There are variations from this common type. Some specimens are finer-grained, 
with vesicles now filled with calcite and chalcedony. 
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